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The decline of the American elm, Ulmus americana, caused by a
disease that has been traced to the fungus, Ceratocystis ulmi, has been
and still is a perplexing problem. In the United States and in many
foreign countries, millions of dollars are spent annually in the form
of eradication programs as an attempt to wipe out the elm disease. Ne
vertheless, the disease continues to run its course and is being found
yearly in areas that were previously unaffected. The fungus, 0» ulmi,
has proceeded to destroy the natural beauty of our country by affect
ing the American elm of woodlands, parks and cities.
Although the elm wilt problem, commonly known as the "Dutch elm
disease", has been subjected to intensive study, only a limited amount
of literature on the problem accumulated during the last 10 to 15 years.
It is now generally accepted that the characteristic symptoms associated
with the disease result from toxic substances secreted by the fungus as
it grows in the host. There is some disagreement, however, as to how
wilting is induced by these fungal toxins. According to Zentmyer (19k2)
and Beckraan (196k), a common cause of wilting in diseased plants is the
plugging of the vessels by materials formed by the host in response to
the presence and activity of the pathogen. It is presumed that toxins
produced in the elm by C. ulmi causes the host to form gums and tyloses
that block the lundna of the vessels. Subsequent to the production of
these occlusions, wilting occurs. Recently, Corden and Chambers (1963),
in their work on vascular dysfunction in Fusarium wilt of tomato, sug
gested that vessel collapse is the major cause of dysfunction in this
disease. Furthermore, they suggested that the deposits associated with
vascular discoloration may cause vascular dysfunction by water-proof
ing the walls of the vessels, thereby preventing lateral movement to
the adjacent parenchyma cells*
The present study represents an attempt to shed further light on
the relation of C. ulmi toxins to vessel occlusions and the bearing
this may have on wilting. An effort has been made, by employing histo-
logical methods, to determine the nature and extent of vascular occlu
sions occurring within the leaf traces and associated parenchyma of the
node, as well as in the vascular elements of the petiole in U. ameri-
cana cuttings treated with culture filtrates containing the toxins of
different isolates of C. ulmi.
Although the results derived from this investigation may not
provide the precise answer to the Dutch elm disease problem, they may
provide some additional information that will lead to an understanding
of the wilting mechanism in this disease and other vascular wilts.
CHAPTER II
REVIEW OF LITERATURE
Since the discovery of the "Dutch elm disease" in this country,
it has increasingly posed a serious threat to America's most valuable
shade tree, Ulmus americana. As a result many investigators have
studied the nature of the disease and the possibility of developing a
promising control measure*
The first definite reference to the Dutch elm disease, according
to Clinton and McCormick (1936), came from Holland when Spirenburg,
Schwarz and Buisman found that a disease of elm was caused by a fun
gus commonly associated with a beetle, Soolytus scolytus. The disease
was first discovered in the United States in Ohio during 1931» accord
ing to a report in Circular 106 of the Connecticut Agriculture Experi
ment Station. The entry of the disease into this country was due to the
importation of Burl elm logs infested with Scolytus scolytus, known
carrier of the fungus. May (193k), through fungal culture investigations,
was able to demonstrate that the beetle infested logs also contained the
causal fungus. Unfortunately, it was also discovered that shipments of
these logs had been coming into American ports for many years.
The imperfect stage of C. ulmi is the one usually found and iso
lated from infected plants. As a result, when Schwarz (1928) isolated
the causal organism, it was identified as a species of Graphium and
named G. ulmi. For sometime thereafter only the mycelial and conidial
stages Ttfere known. According to Clinton and McCormick (1936), later
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investigations by Buisman resulted in the discovery of the perfect
stage and the fungus was placed in the genus Ceratostomella. A few
years later Nannfeldt transferred the fungus to the genus Ophiostoma.
More recently Hunt (1956) critically reviewed the genus Ceratocystis
and transferred species formerly placed in the genera Ophiostoma and
Ceratostomella to this genus. As a result, the fungal incitant of the
Dutch elm disease is now known as Geratocystis ultra.
Dimond, Plumb, Stoddard and Horsfall (I9h9) were among the first
to investigate the disease and fully describe its external symptoms.
The disease is characterized by a wilting and curling of the leaves
accompanied by changes in leaf coloration. Leaves of infected plants
change to a dull green or yellow color and finally turn brown. Leaf
defoliation may occur or, in many cases, the leaves may remain attached
to the twigs in a dried and shriveled state. Small branches that are
infected frequently develop a characteristic crook at the tip of the
twig.
Internal disease symptoms as reported by several investigators
(Schwarz, 1928j Dimond et al., 19U9| and others) are characterized by
strong discoloration of the wood of the current or previous season's
growth. This discoloration is manifested as brown streaks on the sur
face of the wood when the bark is removed or as a stippled ring of
brown specks when the transection of an infected stem is examined.
Histological studies of infected stems have revealed the pre
sence of tyloses and gums in the discolored areas of the wood (Clin
ton and McCormick, 1936). As a result of these reports early ideas con
cerning the nature of the Dutch elm disease related leaf wilting to a
mechanical blocking or plugging of the conducting tissues by some of
the hyphal strands or by tyloses and gums. When microscopic studies
failed to reveal myceliaL strands in the luraina of the vessels abun
dant enough to cause a reduction in water supply, other explanations
were sought. Tyloses and gums in the conducting elements were then
assumed to play the major role in blocking water movement and there
by causing leaf wilt.
Following the notion that occluded vessels might be responsible
for leaf wilting, experiments were conducted on the rate of water
movement in sections of diseased and non-infected branches. Water was
forced through sections of diseased stems and the amount passing
through was compared with the volume recovered from non-infected stems.
The difference in the volume of movement was found not to be signifi
cant enough to attribute wilting to mechanical blockage. Other expla
nations were then sought for the wilting mechanism.
Howard (19U0) had previously demonstrated in his work on the
bleeding canker of hard maple, caused by Phytophthora cactorum, that a
toxic substance elaborated by the fungus was the primary cause of can
ker development and foliage decline. This work prompted the develop
ment of a "toxin theory" as the probable explanation for disease es
tablishment.
The first mention of a toxic substance associated with a plant
disease was probably that of Higgins (1908). From his work with plum
wilt he postulated that a secretion of substances by the pathogen
acted on the host cells causing them to produce gums. The direct cause
of wilting was attributed to gum formation which resulted in a reduction
in the water supply. According to Dimond et al. 0-9k9), Broekhuizen, 20
years later, clearly demonstrated that extracts of C. ulmi produced
symptoms in elm cuttings that resembled natural infection, but he had
only a limited knowledge of the disease and failed to associate sub
stances in the extracts with actual disease symptoms.
Zentmyer (19U2), stimulated by the work of Broekhuizen, Clinton
and McCormick (1936) and Howard (19iiO), was the first to provide experi
mental evidence on the toxin producing capacity of C. ulmi jua vitro. He
cultured the fungus in a synthetic nutrient medium and demonstrated the
presence of toxic substances in the culture filtrate* This work has
been confirmed and further elaborated by the work of Dimond, Plumb,
Stoddard and Horsfall (19k9)i Feldman, Caroselli and Howard (1950)j
and Frederick and Howard (19f>0). These investigators clearly demon
strated that when the toxin was freed of fungal spores and mycelium,
by filtration, and healthy elm cuttings were exposed to it, symptoms
typical of the elm disease occurred.
Feldman et aU (1950) studied the physiology of toxin production
by isolates of £. ulmi. They found that the fungus exhibited a speci
ficity for a particular pH level of U«0 to U.25 for high toxin pro
duction, when grown in a synthetic nutrient medium in shake culture.
Mien the culture filtrate, containing the toxin, was adjusted to
higher pH levels, that is, from 6.0 to 8.0, the results obtained
indicated that the toxin was inactivated.
Tyloses and gum formation have been found by several investi
gators (Struckmeyer, Beckman, Kuntz and Eicker, 195U* McClure, 195Of
Winstead and Walker, 1953* Schefer and Walker, 1953) to be associated
with many vascular wilt diseases. In the oak wilt disease, caused by
Geratocystis fagacearum, Struckmeyer et al. reported that iarge
spring vessels of the last one or two annual rings were observed to
be plugged with tyloses. These occlusions were not reported in the
smaller vessels of the summer wood, instead these were occluded with
gums. McClure (1950) reported the presence of gums and tyloses in his
studies of the Fusarium wilt of potatoes. Schefer and Walker studied
Fusarium wilt of tomatoes and reported tyloses and gums in xylem ves
sels. Winstead and Walker (1953) also demonstrated vessel plugging in
Fusarium wilt of cabbage.
While only a comparatively small amount of literature has appeared
on the Dutch elm disease from 1950 to the present, a much larger volume
of literature has appeared on vascular wilts incited by species of Fu
sarium.
In McClure's studies on Fusarium wilt of potatoes, he reported
discoloration in the vascular system and associated it with the severity
of the disease. For example, in mildly infected plants discoloration
was found only in parts of the stele giving the appearance of brown
streaks. In very severe cases, McClure observed that the browning was
localized throughout the stele with the intensity decreasing as the
distance from inoculation point increased. It was concluded that the
presence of vascular discoloration in advance of the fungus was due
to toxic by-products released by the fungus.
McClure suggested that toxic by-products elaborated by the fun
gus stimulated tylosis and gum formation as they were carried upward
in the transpiration stream. The gums observed were golden-brown and
were located mostly on bordered pits. He suggested that they were
derived from adjacent parenchyma cells and were secreted through the
vessel pit apperture.
More work has been done with Fusarium wilt of tomatoes than any
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other wilt disease, Schefer and Walker (19S3) found that when wilting
was induced in tomato cuttings by culture filtrates of Fusarium oxy-
sporum f. lycopersici, vascular plugging and discoloration occurred
and the extent of the plugging was correlated with the severity of the
disease. Winstead and Walker (1953) also showed that metabolites from
the cabbage wilt fungus (F. oxysporum f. conglutinan) and the cotton
(£• oxysporum f• vasinfectum) were equally effective in inducing wilt
ing and vascular plugging along with discoloration.
Still another plant infected by a species of Fusarium is the red
clover. Chi and Hanson (I960) studied cross sections of diseased vessels
and many were found to be plugged. The degree of plugging varied, however,
in that the vessels were only partially occluded at 12 hr and completely
occluded at 1;8 hr. The reactions were observed by Chi and Hanson in both
enzyme and filtrate preparations. The nature of the plugging material
was not determined, but it was suggested that the fungus produced a
pectinase that breaks down pectins in the host and vessel plugging re
sults. Corden and Chambers (1963) in their study of Fusarium wilt did
not find vessels plugged with pectic substance or resinous material,
but instead found distortion and collapse of newly formed xylem vessels
in all diseased plants. This was stated by them to be the main cause
of what they call "vascular dysfunction" resulting in wilting.
CHAPTER III
MATERIALS AND METHODS
For histological studies, relatively uniform size cuttings from
two-year old seedlings of Ulmus americana were utilized. The cuttings
were made from elm seedlings originally obtained in November, 1965
from nurseries in Princeton, New Jersey and McMinnville, Tennessee,
Upon arrival the dormant seedlings were placed in a controlled en
vironmental room and subjected to a temperature of J> 0 with a photo-
period of 12 hr dark and 12 hr fluorescent light. Following a forc
ing period of 8 to ° weeks, and at periodic intervals thereafter,
seedlings were removed from the environ room, potted in sifted soil
in either 12-inch flower pots or one gallon cans, and placed in the
greenhouse. Within k to 5 weeks after being placed in the green
house, new growth had progressed to a stage suitable for removing
cuttings. Immature and fully developed cuttings were used. Those
cuttings that were regarded as fully developed had from 6 to 7
broadly expanded leaves. The uppermost leaves on the younger cuttings
were not fully expanded.
For toxin titre assays of the isolates studied, tomato seedlings
were used. Seeds of the Super Marglobe variety were planted in 1:1
peat-soil mixture. The seeds were obtained from Hastings Seed Com
pany in Atlanta, Georgia.
The various isolates of £. ulmi employed in this study were
furnished by the following individualss Dr. T.W. Bretz of the Univer
sity of Missouri, Columbia, Missouri; Dr. Frank L. Howard of the
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University of Rhode Island, Kingston, Rhode Island; Mr. Thomas Gaither
of Iowa State University, Iowa City, Iowaj and Dr. John Boyce, Jr. of
the University of Georgia, Athens, Georgia. Each isolate was assigned
a convenient code number. These numbers are given below and are accom
panied by a brief description of the isolate's cultural characteristics.
For all further references to isolates used in this study, the assigned
code number will be employed. The first one or two letters of the code
numbers refer as follows to the state from which the isolate x«s ob
tained: GA - Georgiaj I - Iowaj MO - Missouri^ and RI » Ihode Island.
RI-Z-7 - Transferred from a bottle culture. This isolate was
used previously by Frederick (1950) and was assigned the code number
Z - 7 in his study. It is characterized by the production of black
tufts of aerial mycelium and develops a distinct radial zonation.
RI-6589 - Isolate transferred from elm wood chips. Growth on
potato dextrose agar is characterized by an aeriaL type mycelium
throughout. The mycelial mat has a wax-like texture and a white to
olive color.
RI-6590 - Isolate transferred from elm wood chips* The mycelial
mat has a very scanty aerial hyphae as well as prostrate hyphal strands.
The surface of the mycelial mat has a wax-like texture and has a white
to olive color.
RI-660$ - Isolate transferred from elm wood chips. The mycelium
has scattered aerial hyphae and the mat is white in color.
RI-6606 - Isolate transferred from elm wood chips. The cul
tural characteristics are essentially as those of RI-6605.
GA-1 - Isolates form a scanty aerial growth along with pros
trate hyphae. Concentric zonation develops in the mycelium from the
n
center toward the peripheral edges. This isolate has a greasy to wax-
like appearance and is olive in color.
GA-III - This isolate is characterized by a zonate mycelial mat
with abundant prostrate hyphae. The mycelial mat varies from white to
olive brown.
1-29 - Isolate transferred from a petri plate culture. The myce
lial mat forms abundant aerial mycelium towards the center, but this
type of growth becomes scanty at the peripheral edges with prostrate
hyphae dominating. The mycelial mat is olive in color.
MO-1563 - Isolate forms a zonate mycelium with prostrate hyphae
predominating. The mycelium is olive in color.
MO-2168 - Isolate forms a zonate mycelium with prostrate hyphae
predominating. The mycelial mat is white in color.
Transfers were made aseptically under a Lab Conco culture hood
under sterile conditions from the fungus grown on either elm wood
chips, tube or bottle cultures, to a standard potato dextrose agar
medium and placed immediately into an tobi-lo incubator at 26 C.
Subsequent transfers were made at weekly intervals to provide rela
tively uniform age cultures of the fungus for inoculation of the
synthetic nutrient medium described below.
Initially, three flasks of nutrient synthetic medium at a pH of
lj..25> were inoculated with uniform size transfer plugs taken from 8-day
old potato dextrose agar cultures. For subsequent inoculations, 37 cul
ture flasks were prepared for each isolate used. The culture medium
contained the following constituents: KH2PO^ - 1.5 gj MgSO^ - 1.0 gj
FeCl^ - 0.01 gj glucose - 25 gj yeast extract - 2.0 gj L - asparagine -
2.0 g. To obtain a desired pH of k»2$, 250 ml of citrate HC1 were added
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to the medium and the mixture was brought up to one liter with dis
tilled water.
The' citrate buffer was prepared following the procedures used
by Frederick (1950). Twenty-one grams of citric acid were added to
200 ml of IN NaOH, and brought up to one liter with distilled water.
The initial pH of the citrate buffer was U.72. This was lowered to a
pH of U.O by adding 2jO ml of 0.1N HC1 to the buffer. One liter of
stock solution of the following was prepared: 0.1N HC1, IN HC1, 0.1N
NaOH and IN NaOh. All pH determinations in this investigation were
made with a Beckman Zeromatic pH meter*
An initial two liters of the buffered synthetic medium was pre
pared and was further adjusted to a pH of U»25 by using IN HC1 or IN
NaOH. Subsequent preparations were made throughout the course of this
experiment. Fifty millimeters of the buffered synthetic medium was
added to each of forty 250 ml Erlenmeyer flasks. They were plugged
with cotton and autoclaved at 1$ lbs. pressure for 15 minutes. Follow
ing autoclaving, check flasks were removed for pH determination. It
was found that autoclaving did not appreciably alter the pH of the
medium.
After the introduction of the inoculum, the flasks were placed
on a two-speed Eberbach shake machine at 280 oscillations per minute
and allowed to shake for 9 days at 26 G. The maximum capacity of the
shake machine initially was 23 flasks. This capacity was later in
creased to 37 by improvising another carrier. Shake culture was used
because toxin production is reported to be more rapid in shake cul
ture than in quiet culture (Feldman, 1950).
After the desired culture period, the flasks were removed from
13
the machine and the mycelium was separated from the filtrate by
vacuum filtration through a Buchner type ultrafine bacteria extraction
thimble. All filtrates were later refiltered in a sterile 250 ml Morton
type pyrex filter apparatus. To check the sterility of the filtrate,
small samples were aseptically streaked onto plates of potato dextrose
agar. The results were always negative. Filtrates of the isolates were
stored at 0 0,
For toxin titre assays, ten 9 x 30 mm vials containing filtrates
from various cultures of the different isolates were placed in 10 x 15
cm petri dishes filled with sand, A dish was provided for the medium
as well as water check.
Succulent k to $ week old tomato seedlings of uniform size were
cut obliquely under water with a sharp razor blade. After momentarily
allowing pressure differences to become adjusted, each cutting was re
moved from the water and quickly placed into a vial containing the fil
trate, sterile medium or distilled water. The dishes were placed in a
growth chamber and held at 26 C and 80$ relative humidity. They were
also subjected to a photoperiod of 12 hr fluorescent light and 12 hr
dark with the source of illumination UO inches away from the cuttings.
The wilt index was determined after 15 and 2k hours.
In order to induce the symptoms in elm cuttings, twenty-five
25 x 85 ram vials, containing 25 ml of the culture filtrate, were
placed into trays of sand. These cuttings were also placed in the
growth chamber under photoperiod conditions described above. Ten elm
cuttings were left in each culture filtrate to determine how many
hours or days it would take for complete wilting to occur All cuttings
were removed from the plant and recut under water and, after allowing
1U
pressure differences to adjust, they were quickly immersed into the
culture filtrate or into control solutions.
Nodes and petiole samples from the first to the seventh leaf were
removed from the cuttings at successive hourly intervals to determine
the time incipient vascular occlusion and discoloration appeared. Sam
ples of the nodes were obtained following the same procedure used by
Richardson (196k) by cutting the twigs at a point midway between the
nodes. This provided samples of sufficient length to be used in the
preparation of serial sections for histological observation. All peti
oles were removed at the surface of each node. All samples for histo
logical studies were killed, fixed and stored in a formalin-propionic
acid-alcohol fluid (FFA). Freehand sections of unfixed material were
made and mounted in a non-resinous mounting medium (Turtox GMC-1O).
In preparing specimens for histological studies, the fixed ma
terial was removed from the preservative and dehydrated using Johan-
sen's (19kO) tertiary butyl alcohol (TBA) method. Specimens were
allowed to remain in each alcohol grade for h hours. Specimens were
then transferred to a TBA-paraffin oil mixture after removal from
absolute TBA and placed in a 58 C paraffin oven for U hours. They
were then transferred to melted soft paraffin and infiltrated for
28 hrs with changes to fresh paraffin at k hr intervals. Specimens
were infiltrated in hard paraffin from 8 to 12 hrs. Following infil
tration all specimens were embedded in hard paraffin and serial sec
tions were cut at 12 microns with a rotary microtome. Serial sections
(ribbons) were affixed to glass slides with Haupt's adhesive (Johan-
sen, 19kO) and floated in k per cent formalin solution. Slides were
then placed on a !)2 C warming table for 2 hr.
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Sections were stained with safranin and fast green according to
Jensen's (1962) method for detailed studies of both nodes and petioles.
Some sections were left unstained•
CHAPTER IV
OBSERVATIONS AND RESULTS
Effect of Toxins on Tomato Cuttings
Tomato cuttings treated with culture filtrates exhibited three
general types of disease reactions, namely, an incurling of leaflet
edges, complete wilting of leaves, a wilting or collapse of leaflets,
stem and petioles. Filtrates from some of the isolates induced all of
the described effects while others induced only one or two of the dis
ease symptoms. Tomato cuttings treated with distilled water or with
sterile culture medium represented the controls. Control cuttings did
not develop any of the symptoms described.
The severity of the disease symptoms manifested in the treated
cuttings provided an index of the potency of the toxin in a given cul
ture filtrate. The degree of wilting was evaluated on the basis of the
per cent induced into U to 5-week old cuttings of the greenhouse grown
tomato seedlings, after the ends of the cuttings had been immersed in
a culture filtrate for a period of 12 to 2k hours at 26 C and 80$ re
lative humidity. Arbitrary wilting values were assigned and these fig
ures were regarded as indicative of the titre of the toxin elaborated
by a given isolate.
Wilt values utilized in toxin titre assay were assigned in the
following manner: Cuttings that were completely wilted were given a
value of lj if only leaves were wilted, they were assigned a value of
0.5$ where leaf was only partial, proportionately lower values were
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assigned. Cuttings exhibiting no wilting were assigned a value of 0.
If all 10 cuttings in an experimental series were completely wilted,
the series was assigned a wilt index of 10 and the wilting percentage
was recorded as 100.
A total of 60 cuttings were used in the toxin titre assays of
culture filtrates from each isolate studied. A summary of the results
of the toxin titre assays is given in Table I. These data show that
the wilting percentages were less in culture filtrates from isolates
RI-6f?8o, RI-6590 and RI«660J>. These isolates were regarded as being
only slightly virulent. By contrast moderate wilting developed in
cuttsings treated with culture filtrates from isolates RI-6606, GA-3»
1-29 and MO-2168. The average wilting percentages ranged from 65 to
70$. These isolates were considered as being moderately virulent. Data
in Table I show that two isolates were highly virulent inducing com
plete wilting of all cuttings within a 12 hr period. These isolates
were RI-Z-7 and MO-1563.
These results confirm earlier reports (Mmond et al., 19k9$
Feldman et al., l°J>0j Frederick, l°50j and Frederick and Howard, l°5l)
that a toxic substance in culture filtrates from isolates of £• ulmi
will induce effects dun. tomato cuttings essentially characteristic of
the Dutch elm disease. Furthermore, these results provide an indi
cation, as reported by Frederick and Howard, as to which isolates are
slightly, moderately and highly pathogenic*
For the remaining studies reported below, all isolates were not
used. Only three isolates were selected for additional experimentation.
These were a slightly virulent isolate and the two highly virulent
isolates. The effect that filtrates from these isolates had on tomato
TABLE I
Wilting percentages of tomato cuttings after insertion in culture filtrates of C. ulmi isolates
Isolate Number of plants used Average wilting percent











































Each series was replicated 6 times giving a total of 60 plants tested.
Each series was replicated 6 times giving a total of 30 plants tested.
cuttings are shown in Figs, 1-3*
Effect of Toxins on Kbn Cuttings
General external symptoms.
T/flien elm cuttings were inserted in culture filtrates of isolates
of G. ulmi, symptoms characteristic of the Dutch elm disease developed.
Filtrates from the two highly pathogenic isolates induced symptoms
6 hr after insertion. A progressive increase in the severity of dis
ease symptoms occurred over a U8 hr period. A description of the appear
ance of cuttings after 6, 12, 2k and U8 hr of treatment with the differ
ent culture filtrates and the control solution is given below.
Six hour treatment period:
RI-Z-7 - Cuttings exposed to culture filtrates from this
isolate exhibited incipient symptom development,
such as, an upcurling of the edges of the two
uppermost leaves. This symptom was accompanied
by the appearance of brown colored spots on the
leaves.
RI-6605- Cuttings exposed to culture filtrates from this
isolate exhibited a slight browning of foliage
but no wilting symptoms.
MO-1563- Cuttings exposed to culture filtrates from this
isolate developed symptoms similar to those
described by RI-Z-7 except for the absence of
brown discolored spots.
Control- The control cuttings were normal in appearance.
Neither water nor the nutrient medium produced
wilting symptoms or foliar browning.
Twelve hour treatment period:
RI-Z-7 - Four of these cuttings wilted completely with
the tip of the stem exhibiting the crook
characteristic of infected twigs (Fig. U).
RI-66C-5J- Leaves on these cuttings exhibited general































































Since 1930 many American elm trees of the United States have
oeen destroyed by the Dutch elm disease. There is little wonder that
the problem is considered serious. As a result the disease has be-
oome a matter of growing concern, for there is fear that the American
m, like the chestnut, will be completely wiped out. Investigators
have consistently reported formation of toxins by C. uljni isolates,
fud these toxins have been held responsible for disease development.
Ihese findings have demonstrated, therefore, that the physical pre
sence of the fungus is not the primary cause of the Dutch elm dis
ease. Further evidence that a toxin elaborated by the fungus is the
principal disease incitant has been demonstrated in this investiga
tion by growing isolates of C. ulmi in shake culture.
J When tomato cuttings were exposed to the culture filtrates
for toxin titre assays, the results demonstrated that all isolates
wore capable of producing a toxin in vitro. The potency of the toxin
ir. the culture filtrates as revealed by the severity of its effect
or the tomato cuttings varied with the isolates used. These findings
supported Walter's (1937) work, for he reported the occurrence of
different cultural races of the fungus and found them differing in
decrees of pathogenicity. Furthermore, when elm cuttings were inserted
inrio filtrates from the two highly pathogenic and the mildly patho
genic isolates, the foliage wilted. This further established already
available evidence that the toxin is primarily responsible for the
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<j>nset of disease symptoms and is in complete agreement with the work
if Zentmyer (19U2), Feldman et aL. (1950) and Frederick (1950). Zent-
ijiyer concluded that since isolates of C. uljni produce a toxin in vitro,
■they evidently also secrete a s:fonilar toxin in vivo.
Previous histological studies have revealed that vessel occlu-
dons were associated with wilting and are induced in the host due to
the action of the fungal toxin. The symptoms have been described as a
plugging of vessels with tyloses and gums, developing in association
xdth vascular discoloration. When tissue sections were made of dis
eased stems, the occluding materials observed were regarded as being
c&rectly related to wilting.
Vascular discoloration was evident in all cuttings used in
this study that were exposed to culture filtrates of the fungus.
These observations are in agreement with those of Schwarz (1928)
and Frederick (1950). The discoloration intensity increased with the
length of time exposed and the culture filtrate used. Discoloration
isas much more evident in freehand sections of stem and petiole than
in embedded sections. The exact nature of the material responsible
fior the discoloration was not determined in this study. Davis,
Waggoner and Dmond (1953) reported, in their work with Fusarium wilt
of tomato, that phenols were directly responsible for discoloration.
The phenols were said to be oxidized and polymerized to melanoid pig-
nJents due to enzymatic activities. The discolored materials observed
i^i this study may have had a similar origin.
The significance of the discolored materials to lateral move
ment of substances from vessels has not been determined for the Dutch
elm disease. Corden and Chambers (1966) recently studied Fusarium
81
wilt of tomato and suggested that vessels of diseased plants become
idiscolored by materials that may restrict the lateral movement of
(substances out of these elements, thereby "waterproofing" them. This
sondition was referred to as vascular dysfunction and was suggested as
the probable main cause of wilting.
In view of the fact that earlier investigators attached con
siderable importance to the formation of tyloses and gums as the major
eause of wilting in the Dutch elm disease, special attention was de
voted to the occurrence, abundance and distribution of these substan
ces in this study. Tyloses were observed too infrequently in this
s^tudy to regard them as being primarily responsible for wilting.
Therefore, this study did not confirm entirely the work of Clinton
a|nd McCormick (1936) or that of Zentmyer (19U2).
Beckman (196U) suggests a different role in disease develop
ment for tyloses and gums. He has stated that they form in response
tp host resistance to invasion. Beckman suggests that tyloses and
gums form in advance of the fungus and impede further penetration of
hbst tissues by mycelium and spores. The findings here are at vari
ance with this idea. Culture filtrates were free of the fungus, yet
t/loses and the discolored materials continued to form when cuttings
were placed in solutions.
Vessel collapse and wall distortion were also observed as
!
histological effects induced by culture filtrates. These effects were
noted in the protoxylem as well as the late metaxylem of both leaf
ar.d petiole traces and rendered those vessels essentially non
functional. These findings are somewhat in agreement with Corden
and Chambers (1963). They reported vessel collapse in tomato cuttings
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treated with culture filtrates of F. oxysporum f. lycopersici and sug
gested that this might play a significant role in wilting.
The final phase of this discussion deals with the formation
of the "granular materials" commonly observed in occluded vessels.
Jnlike tyloses, these frequently observed materials appeared to play
a significant role in the wilting process. Vessels in freehand sections
of leaf traces revealed an abundance of these substances and their
Abundance appeared to be correlated with severe leaf wilt. At first
tine materials in freehand sections appeared to be viscous in nature
and were considered to be gums. As the diseased condition progressed,
tjiese materials assumed a more granular type appearance and often
j
completely occluded vessels. On the other hand, in leaf traces of
f:Lxed and embedded sections, granular materials were not conspicuous
and only in rare cases were vessel lumina completely occluded.
I
The granular materials are probably very hygroscopic in nature.
Iff so, the killing and fixing fluids and the dehydration associated
wdjth paraffin infiltration and embedding might cause the substances
to shrink and adhere mainly to the vessel walls. The affinity of
thbse materials to the vessel walls might be related to their origin.
Since in many instances the inner surfaces of vessel walls from
i
treated cuttings appeared eroded, it is likely that the gum-like
substances are partially the products of wall degradation.
When petiole sections were observed, most of the elements were
foujnd to be mostly only l/k occluded. Only in a few cases were they
foujnd to be completely occluded. Corden and Chambers (1963) reported
that Ludwig observed hydrophilic material in fresh sections of dis
eased tomato cuttings, but he was unable to demonstrate them in fixed
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materials. This report lends support to this suggestion, for some of
the granular or gura-like materials were either lost or reduced in vol-
}ume by the dehydration processes. This aspect of the problem deserves
pirther study.
i
Gorden and Chambers minimized the importance of vessel plug-
;ing as factors in wilt development. The amount of granular materials
sociated with wilting in the Dutch elm disease appears to be too
Extensive, however, to be assigned a secondary role.
]
On the basis of this report, there may be no one histological
factor that is entirely responsible for wilting in Ulmus americana
Wjhen exposed to the culture filtrates of Q, ulmi isolates. However,
ijt is felt that the additive effects of all histological features
described in this investigation may certainly be a cause of wilting.
Furthermore, as has been suggested by Frederick (1966), the leaf and
i
pjstiolar traces may be the critical anatomical sites. The evidence
from these studies suggests that if one were to consider only one
causative factor as being responsible for wilting, vascular occlu-
sion of the node and petiole traces probably plays the primary role.
At| these sites only a comparatively few of the vessels need to be
occluded for water movement to become significantly impeded.
CHAPTER VI
SUMMARY
Ten isolates of £. ulmi exhibiting distinctive cultural vari-
jtions were grown in shake culture and the titre of the toxin of the
erile filtrates was determined by using tomato cuttings of Super
globe variety. All culture filtrates caused some degree of wilting,
I
bjit a difference in virulence was observed. As a result three isolates,
tiro exhibiting high toxin titre and one a low toxin titre, were select
ed for this study*
i
Cuttings from seedlings of U. amerieana were inserted in the
culture filtrates of the isolates used and allowed to develop symptoms
characteristic of the disease. Nodal regions and petioles of these
cxittings were removed at different stages of symptom development and
prepared for histological studies.
Embedded sections, stained, and unstained, from nodal regions
add petioles as well as freehand sections of fresh material were pre
pared and observed for significant histological changes in vessel






a. Discolored vascular materials appeared on the walls of the
xylera elements in both leaf and petiole traces.
b. Vessel collapse was observed in the petiole and was localized
mostly in the late metaxylem.
c. Tyloses were observed to develop but were distributed too
infrequently in the traces to appear to be a highly sig
nificant factor in wi.lt induction.
d. "Granular materials" were found to be common as vessel




e. The amount of occluding materials found in vessel members
varied with the degree of wilting and the pathogenicity
of the G. ulmi isolate used.
f. The controls were unaffected by the sterile medium.
The severity of foliar wilt appears to be directly correlated
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